Overview of the CEPC Project

Haijun Yang (for the CEPC working group)
Shanghali Jiao Tong U. & Tsung-Dao Lee Institute

@) YAXALE | Al

% £/
@</ SHANGHAI JIAO TONG UNIVERSITY Tsung -Dao Lee Institute

The 3 FCC-France Higgs

. Electr
',”'JfT
w Annecy, France, Nov. 30 1 Dec.g, 2021

W - % _aommeseoes.

TN T N TN Y E IR AR e TR PEP PR De Se g mE e e e _

e ig—
‘ -l

http://cepc.ihep.ac.cn/




i Outline

U Introduction of the CEPC
x Goals and Plan
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X Site Investigation
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x Collaboration with Industrial

U CEPC Project Development
x Accelerator R&D
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X New Detector Concept and R&D

U Summary and Prospect




2l Circular Electron Positron Collider (CEPC)

C ¢KS /9t/ +FAYa (G2 ad0FNI 2LISNIGGh®BY AY HNnonQAas
C Torun at/i ~ 240 GeV, above theHproduction threshold for ~1M Higgs; at ti@ole for ~Tera Z,

at the W*W- pair, and possibledpair production threshold.
C Higgs, EW, flavor physics & QCD, BSM phygjcdairk matter, EW phase transitioBUSY, [ t & X @

Possible Supgrp Collider (SppC) qfi ~ 50;100TeVin the future.
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CEPC Major Milestones
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The CEPC Study Group The CEPC Study Group
August 2018 October 2018

Editorial Team: 43 people / 22 institutions/ 5 countries




CEPC Roadmap and Schedule (ideal)

U 201320250 Keytechnology R&[R from CDRto TDR, Site selection, Intl. Collab. etc.
U Ideal situation: Approval in the 1B FiveYear Plan, and start constructior years)

CEPC Project Timeline
12th 5y & 13th 5y 14th5Y § 15th5Y & 18th 5Y &
2 2% v

()
Pre- Construction
Construction SPPC
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Ideal Accelerator Roadmap ’inf de Ideal Detector Roadmap
erificat
% 2016-2021 MOST phase-1 accelerator R&D 2016-2021 MOST phase-1 detector R&D
8| 2018-2023 MOST phase-2 accelerator R&D  [f°"__| 2018-2023 MOST phase-2 detector R&D
-4 | 2023-2028 MOST phase-3 accelerator R&D 2023-2028 MOST phase-3 detector R&D
§ 2022-2023 Accelerator TDR completion Now -2024 Seek collaboration, detector R&D
s | 2023-2025 Site selection, engineering design, 2025-2026 Prepare international collaborations
prototyping and industrialization 2027-2028 Detector TDR completed
2026-2034 Construction and Installation 2028-2034 Detector construction
2033-2034 Installation
2018.2 15t 10T SC dipole magnet ZU T T UTPUTE TTTa g e TS Vv TCT

Nb;Sn+HTS or HTS
15 T SC dipole magnet & HTS cable R&D

HTS Magnet R&D Program 5



CEPC Site Selection

Site selectionis basedon geology,
electricity supply, transportation,
environmentfor foreigners
Localsupport & economy,X

CEPC Site Selection

0 July5 2021 Changsh&ureauof S&Tentrusted HunanU. to conductafea5|bllltystudy

0 Sept4, 2021 HunanU. organizeda review meeting by a committee consistingof experts
from multiple disciplineswhich evaluatedCEP@or its science feasibility of a new science
city basedon CEPCand overallimpacton Changsharl heoverallconclusionis very positive
Thelocalgovernmentis veryinterestedin and supportiveof the CEP@roject.
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Three sites were
presented at the
CEPC2021 workshop

SPPC Injector Chain &

Changsha

Gneiss , Sandstone B Granite
+ 1 * 4117 sandstone, Slate

Collider ring tunnel




CEPC Financial Model

Funding Sources Financial Model #1 RMB | Financial Model #2 (RME

Central Government 30B 6-10B
Local Government 25-18B

Land, Infrastructure Land, Infrastructure
International Partners 1-5B 1-5B
Companies & Donation: 0-3B 0-3B
Total Budget 36B 36B

In Oct, 2021 Institute of Scienceand TechnologyStrategicConsulting,CAS
IS carryingout an independentassessmenbf SocialCostBenefit Analysis
for the CEPQ@roject, the report will be availablein August,2022



Member of CEPC Industrial Promotion Consortium (CIPC)
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CEPC 650MHz Klystron at Kunshan Co. CERN HL-LHC CCT SC magnet CEPC SC QDO coil

CIPC was established in Nov. 2017, there are — aw | ﬁ winding 2l EYE Co.
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70 CEPC High Luminosity TDR Layout

= 1000,

A 100 km double ring design (30 MW SR power, upgradable to 50MW). E

R
is

A Switchable between H & Z, W modes without hardware change (magnet switch).
A New baseline for Linac (C-band, 20GeV) .
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F station
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Booster

On-axis injection

S-band
Operation mode ZH Z WHW- tt + 4 4
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<ol CEPC SCRestFaclility

CEPCSCRFTest Facility is available ¢ Beijing Huairou (4500m 2)

N-doping and
Nb,Sn oven

-

Inspection,
pre-tuning

Module test
One per2 wks

Y

8 cavities & couplers, r
1 string/ 2 wks

Cavity VT
== 4 cavities/wk = &

New SC Lab Design (4500m ?2)

Vacuum furnace (doping & annealing) Nb3Sn furnace

Crygenic system hall in 2020

Temperature & X-ray Second sound cavity Helmholtz coil for Vertical test dewars Horizontal test cryostat
mapping system quench detection system cavity vertical test

11
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<zl CEPC R&D: High Q SCRF Cavities

U 1.3 GHz ell SCRF cavity fdsooster: Q,= 3.4E10 @ 26.5 MV/m
U 650 MHz 2cell SCRF cavity for collider rinQ; = 6.0E10 @ 22.0 MV/m
U SCRF cavities for both booster & collider ring reach CEPC design goal
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U IHEP achieved Q ,=3.9E10@30 MV/m (650MHz 1
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CEPC R&D: High Q SCRF 650 MEHICavity

-cell SCRF Cauvity)

CEPCCDR Goalo
Q, =3.0E10 @ 22 MV/m

Test Results o

Qy = 3.9E10 @ 30 MV/m
Q, = 1.5E10 @ 37.5 MV/m
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CER CEPC R&IMigh Efficiency Klystrons

i

¢  The F'prototype finished fabrlcatlon & passed the max. power test.

Design efficiency is 65%, achieved efﬂmenc@Z%.

c  The 29Kklystron prototype is manufactured and being baked out,
to be tested at PAPS in 202design efficiency is- 77%.

¢ Multi-beam Klystron design is finishedgsign efficiency is- 80.5%.

¢ High efficiency Klystron helps to reduce electricity consumption.

g CEPC at 800 RMB/MWh and 6000 hours/year
o 700 ) :
S Save Money | 130M RMB i
o 1 ] 1 year
'S s00 90 M RMB |
P — : > ]
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The 1 st Klystron (tested)
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HTS SC Magnet (>12T)

Domestic SC dipole magnet exceeded 12T (IHEP, June, 2021)

Training history
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! LPF1-U test after the 2 thermal cycle
_ 6865 A& 1247T @ 4.2K
! Two apertures 2*n 14 mm
Ad I i Coil 1" - NbTi
L ' I I Coil 2" - NbTi
Coil 3" - Nb,Sn
%&%?&m&mi%ﬁﬁ )fm?:ﬁﬁﬁ CDll 4.1# _ Nb}S]'l
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Nb;Sn+HTS
2*¢30 aperture
15T @ 4.2K
Challenges: Fabrication
process, stress control,

NbTi+Nb;Sn quench protection

2*¢p10 aperture
10T @ 4.2K
Challenges: Fabrication
process, stress control

Nb;Sn+HTS or HTS
2*(p45 aperture
20T @ 4.2K
With 10+ field quality
Challenges: Stress control,
quench protection, field
quality control

2028

year

10.2T
(2018)

12.477
(2021)

LPF3 16T Dipole Magnet:
Nb ,Sn 12~13 T+ HTS 3~4 T




Operation mode ZH Z WHW (t:]t()g\rl) Workshogrom TEICEPC Physics an DeteciorJuly 11<J5, 20197Pek e,
JV £ “Hi ~240 | ~912 | ~160 | ~360 - Pek'”g u. (2)
Runtime [years] 7 2 1 7.7 |
L/ IP[3 10%4 cm2sY] 5.0 115 15.4 0.5
Latest| <™ fabl,21Ps]| 9.3 57.5 4.0 1.0
Eventyields [2 IPs] 1.R10° | 253102 | 3R 10’ B 1P

The large samples: ~10° Higgs, ~10'% Z, ~108 W bosons

Physics similar to FCC-ee, ILC, CLIC
2019.3 Higgs White Paper published (CPC V43, No. 4 (2019) 043002)
2019.7 Workshop@PKU: EW, Flavor, QCD working groups formed
2020.1 Workshop@HKUST-IAS: Review progress, EW draft ready
2021.4 Workshop@ Yangzhou: BSM working group formed —) —
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e ) Conceptual Detector Designs

(Baseline Design) IDEA concept
Magnet Particle Flow Approach 2T Magnet Gy —— | (also proposed for FCC-ee)
(3T/2T)

Yoke + Muon (RPC or mRWELL) Presh (MRWELL)
reshower (m

LumiCal

i |
e

PFA HCAL Yoke + Muon (mRWELL)

PFA ECAL

The 4" Concept

~ < ' : g = PFA HCAL
el L By | Partially Yoke

Si Pixel Vertex

SIT TPC SET
D ETD

Magnet (3T/2T)

PID (DC+ToF)

FST concept
(Full Silicon Tracker)

Crystal ECAL

Silicon Tracker
(Transverse bar)
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The 4" Conceptual Detector Design
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